The present study was focussed to clone and sequence characterise alleles of osmotin from cDNA of Solanum tuberosum L. cultivar 'Kufri Chipsona 1'. The genes vary in sizes as well as were found to have eleven point mutations throughout the coding sequence. One deletion of 7 bp was also found in smaller form of the gene having molecular weight of 19.91 KDa.
Introduction
Under the natural conditions, plants are continuously subjected to various biotic and abiotic stresses causing impaired cellular growth (Kumar et al. 2015) . To sustain these stresses, plants have evolved a cascade of defense strategies involving release of various proteins such as pathogenesis related (PR) proteins (Li et al. 2015) . On the basis of their biochemical properties and mechanism of action, PR proteins are divided into 17 families including β-1,3 glucanases (PR-2), chitinases 4, 8 and 11) , thaumatin-like proteins (PR-5), ribosome inactivating proteins (PR-10), defensins (PR-12), thionins (PR-13) and lipid transfer proteins (PR-14) (Kaur et al. 2017a ). Among these, PR-5 protein family is known for its antimicrobial activity, osmoregulation and role in plant development (Mani et al. 2012) . PR-5 family is named as thaumatin-like protein (TLPs) due to its close similarity with sweet tasting protein thaumatin of plant Thaumatococcus danielli . PR-5 proteins are classified into three types (acidic, neutral and basic) based on their isoelectric points (Kumar et al. 2015) . Out of all the known PR-5 proteins, osmotin or osmotin-like proteins (OLPs) are well known for their role as osmoprotectants and anti-fungal agents (Chowdhury et al. 2015 (Chowdhury et al. , 2017 . They are reported to get accumulated under stress conditions leading to ion/solute compartmentalization and anti-phytopathogen activities (Kumar et al. 2015) .
Osmotin, a multifacet stress inducible protein was firstly isolated from tobacco cells exposed to saline conditions (Choi et al. 2013 ). The protein have been cloned from various plants such as Nicotiana tabaccum (Lui et al. 1994 , Evers et al. 1999 , Zuker et al. 2001 , Ouyang et al. 2005 , Qin et al. 2006 , Noori and Sokhansanj 2008 , Parkhi et al. 2009 , Goel et al. 2010 , Husaini et al. 2012 , Subramanyam et al. 2011 , Solanum nigrum (Vasavirama and Kirti 2012) , Capsicum annuum (Choi et al. 2013) , Solanum tuberosum (Rivero et al. 2012 ), etc. The over-expression of osmotin have been reported to exhibit anti-fungal activity against diverse range of pathogens such as Puccinia triticina (Li et al. 2015) , Fusarium graminearum , Mackintosh et al. 2007 , Phytophthora capsici, Fusarium oxysporum (Zuker et al. 2001 , Mani et al. 2012 , Phytophthora infestans (Liu et al. 1994 , 1996 , Li et al. 1999 , Rhizoctonia solani (Rivero et al. 2012) , etc. The anti-fungal property of the protein attributes to its capability to bind to domains present on the fungal plasma membrane (Thevissen et al. 2005 ) which leads to dissipation of membrane integrity and can also inhibit spore germination through spore lysis (Koiwa et al. 1997) . Osmotin has been reported to be induced in plants exposed to salt stress (Qureshi et al. 2007) , cold stress (Patade et al. 2012) , ethylene, wounding (Zhu et al. 1995) and biotic stresses (Elvira et al. 2008 , Mukherjee et al. 2010 , Choi et al. 2013 ).
Due to its anti-fungal properties and highly stable nature, osmotin is now considered as a natural food preservative (Thery et al. 2019) . Osmotin also shows structural and functional similarity to insulin-sensitizing hormone, adinopectin, which further highlights the importance of protein in therapeutics (Kumar et al. 2015) .
In the present study, we report cloning and characterization of two osmotin alleles from an important processing grade Indian potato cultivar 'Kufri Chipsona 1'. The attempts were also made to highlight characteristic features and structure of osmotin proteins encoded by the cloned alleles using bioinformatics tools. The cloned gene can be used in molecular breeding of potato and other plants to improve resistance/ tolerance against various abiotic and biotic stress conditions. 
Material and Methods

Plant material and chemicals
Cloning of OsmSt gene
Total RNA was isolated from the microshoots of potato cultivar CS-1 following CTAB method (Chang et al. 1993) Polymerase (1 U), dNTPs mixture (100 µmol), 2 µl reaction buffer (10X), primers (10 nmol each) and sterile Milli-Q water (Millipore India, Bangalore) to make up the volume upto 20 µl.
The amplification conditions includes initial denaturation at 94 ºC for 5 min followed by 31 cycles of 94 ºC (1 min), 60 ºC (45 sec), 72 ºC (1.5 min) and final extension at 72 ºC for 5 min.
The amplified DNA fragments separated on ethidium bromide stained agarose gel (1% w/v) were visualised on U.V. transilluminator and documented using GelDoc system (Biosystematica, U.S.A).
PCR products was gel purified using the PCR purification kit (Qiagen, USA) and restricted using BamHI and Sac1 for directional cloning into pBI121 binary vector (Chen et al. 2003) .
The ligated products were introduced into E. coli strain DH5α and propagated on Luria Agar plates containing kanamycin (50 mg/l) as selection antibiotic. The modified plasmids were isolated from the selected clones and sequenced in Applied Biosystems automatic sequencer (DNA Sequencing Facility, Department of Biochemistry, South Campus, Delhi University, New Delhi, India) using gene specific primers.
Analysis of sequence data
The sequences of osmotin alleles (OsmSt1 and OsmSt2) thus obtained were compared with reported nucleotide and protein sequences those available in GenBank/ EMBL databases using BLAST program (Altschul et al. 1997) (Quevillon et al. 2005) .
Molecular modelling and prediction of disulphide bridges
The amino acid sequences of OsmSt1 and OsmSt2 were first subjected to PSI-BLAST searches (Altschul et al. 1997) to find homologous template. The single highest scoring template providing maximum coverage with 100% confidence was used for modelling. Consequently, the structure of PR-5d of N. tabaccum was retrieved and used to develop model of OsmSt1 and OsmSt2 using Phre2 protein fold recognition server (www.sbg.bio.ic.ac.uk). The three dimensional structure was predicted through alignment of target sequence with template sequence.
The presence of disulphide bonds and state of cysteine residues in OsmSt1 and OsmSt2 were predicted using DiANNA 1.1 web server (clavius.bc.edu). The scores were produced for each pair of cysteine in the amino acid sequences and Edmonds-Gabov maximum weight matching algorithm was used to pair cysteine residues for formation of disulphide bonds (Ferre and Clote 2005) .
Result and Discussion
Osmotin and its various isoforms have been cloned from many plants (Capelli et al. 1997 , Pla et al. 1998 , Jami et al. 2007 , Singh et al. 2017 , Mani et al. 2012 , Li et al. 2015 . The presence of osmotin isoforms in same plant have been previously reported in Piper colubrinum (Mani et al. 2012 ). The two isoforms were reportedly distinct from each other in terms of size, pI value and molecular structure. In the present study, we report cloning and sequence characterization of osmotin alleles from an important Indian potato cultivar 'Kufri Chipsona 1'
(CS-1). (Jami et al. 2007 ). It has also been reported that GC content is used for hierarchical classification of a species (Wayne et al. 1987 ). The reported GC content for land plants ranges between 30-50% (Lynch 2007) .
In case of cloned OsmSt1 and OsmSt2 genes, GC content was found as 46.52% which fall in the reported range. PSI-BLAST with 1 iteration revealed high similarity of CS-1 osmotin with other species (Table   1 , Figure 2 ). The Osmotin protein from these species is reported to play a role in plant defense system against abiotic stress and fungal invasions (Castillo et al. 2005 , Kumar et al. 2015 .
Therefore, there is a strong possibility that OsmSt1 and OsmSt2 from CS-1 is likely to show similar antifungal activities. Both proteins were found to be acidic in nature with presence of more acidic amino acids in comparison with basic amino acids (https://web.expasy.org/protparam/). It was also found that some amino acids such as Gly (11.9-12.0%), Pro (9.7-9.9%), Ser (7.0-7.3%), Thr (8.6-8.9%), Cys (7.8-8.1%) and Asn (6.8-7.0 %) occurred more frequently whereas other amino acids such as Ala (4.3-4.7%), Arg (3.6-3.8%), Asp (5.2-5.9%), Gln (4.2-4.3%), Glu (2.6-2.7%), His (1.0-1.6%), Leu (4.2-4.3%), Met (1.6%), Lys (1.6-3.6%) and Trp (1.6%) occurs less frequently. It has been previously reported that overall amino acid composition of the protein have an important role in evolution (King and Jukes 1969) . Further, the quality and structure of protein is also found to be dependent upon amino acid composition (Dyer 1971) . Osmotin protein is reported to be rich in cysteine residues scattered all over the sequence. These residues form disulphide bridges which is a signature of PR-5 family proteins (Min et al. 2004 , Jami et al. 2007 ). Generally, the presence of 16 cysteine residues have been reported in osmotin (Kumar et al. 2015) , but in the present study, only 15 cysteine residues were present which lead to formation of 7 disulphide bridge only (Figure 3) . The presence of disulphide bridges is known to provide high stability to the protein (Mani et al. 2012) . The instability index (II) calculated for OsmSt1 and OsmSt2 using ProtPram tool of Expasy server were found to be about 38.90 which indicates that the proteins are highly stable (https://web.expasy.org/protparam/). Homology models of OsmSt1 and OsmSt2 are shown in Figure 4 . The structures are typical to PR-5 family proteins with three distinct domains. OsmSt1 and OsmSt2 were found to be similar to each other having nine β-sheets and four α-helices (Figure 4a-b) . The models were produced using PR-5d protein from N. tabacum (d1auna_b.25.1.1; Tax ID 4097) as template which provide 89% and 86% coverage (166 amino acids) to OsmSt1 and OsmSt2 repectively with 100% confidence. The model of template was also produced (Figure 4c ) which was also found to have three distinct domains with 12 β-sheets and four α-helices. Our predicted models are in line with the structural information of PR-5 family proteins (zaematin, thaumatin-like protein, Osmotin) previously reported (Mani et al. 2012 ). Osmotin-like protein of Solanum tuberosum accession XM_006358825.2. Out of 16 detected phosphorylation sites, 11 were at serine residue, 4 at threonine residue and 1 at tyrosine residue ( Figure 5 ). These results were in line with previous findings which suggested the occurance of phosphorylation on serine residues as most common phenomena (Thomason and Kay 2000) . It has also been reported that during interaction with fungal pathogen, osmotin utilizes signal transduction pathway which is dependent on phosphorylation and dephosphorylation events (Kim et al. 2002) .
In conclusion, alleles of osmotin were cloned and characterized from Solanum tuberosum cultivar 'Kufri Chipsona 1'. The proteins encoded (OsmSt1 and OsmSt2) by these alleles were found to be highly similar but posses different physio-chemical properties (pI and molecular weight) which could determine their mode of action. The structural analysis of proteins revealed presence of three distinct domains and various disulphide bridges which is a characteristic feature of osmotin. The cloned alleles from CS-1 could be a candidate for indepth functional and evolutionary studies and could lead to potential molecular breeding programmes for generation of disease resistant/ salt tolerant potato varieties.
